stone in Habana and assigned it to the Miocene. He also recognized the Upper Eocene in various localities. It is a matter of interest to note that Salterain made the mistake that has been duplicated by nearly all subsequent workers in correlating the Upper Eocene west of the bay of Habana with the Oligocene on the east side. Salterain's most valuable contribution was his very strong belief in the presence of the Cretaceous in Habana, though he stated that his belief was not based on paleontological data. Abundant evidence substantiating this belief is now known. He also made the valuable observation that asphalt occurs with the Cretaceous and associated igneous rocks.
Hill3 noted what he termed the "older limestone" in Habana which he stated was Eocene, Miocene, or Pliocene in age. He also called attention to the anticlinal structure of the Habana area. In his explanation of the present topography of Habana, the same author described two principal stages of erosion. His theory of the origin of the harbors of Cuba will be discussed in connection with the geological history.
Several other writers on the general geology of Cuba have incidentally mentioned the area under discussion, but have added but little to its understanding. DeGolyer described and named two horizons in the Cretaceous near Habana.4 Vaughan5 described the terraces in and around Habana and also explained the formation of Habana Harbor. Rutten's discussion of the formations in and around Habana will be considered under the description of the stratigraphy.6
TOPOGRAPHY AND DRAINAGE
The topography of Habana and vicinity is one of low relief. A ridge, with an elevation of some 200 feet, enters the area from the east, parallels the coast, and ends abruptly in a high cliff at Morro at the entrance to Habana Harbor. The same structure reappears about 4 kilometers west of the harbor in a hill on which the University of Habana and Castillode Principe are located. At this point the structure makes a sharp turn to the south and continues through the suburbs of Ceiba and Puentes Grandes in a wide arc to Mari- GEOLOGY- The oldest formation exposed in Habana is Upper Cretaceous in age. It is a series of shales, marls, chalks, loosely consolidated gravels, conglomerates, and calcareous sandstone. This series was tentatively though correctly ascribed to the Cretaceous by Salterain.7 Ruttens described the same series and named it the "Older Habanaformation" and placed it in the Eocene, Oligocene, and possibly "older Miocene," because of the occurrence of Nummulinae, Orthophragminae, and Lepidocyclinae. Examination of the area has produced abundant evidence favoring the view expressed by Salterain, which is also the view held and further discussed by the author.
DeGolyer9 states "at Luyano in the vicinity of Havana .... as well as at other places, a series of white marls, shales, limestones and grits outcrop" and he gave them the name "Luyano Marls." The Cretaceous outcrop at Luyano includes three of the four members: lime gravels, cone sandstone, and dirty shales.
This formation is of wide extent and is well developed in all the provinces of Cuba. The exposure in Habana is but the western end of a long belt 6 to 7 miles in width, that extends with but one interruption from Habana to the city of Matanzas. The greatest development of the Upper Cretaceous known in Cuba is from the city of Habana southward where it attains a thickness of perhaps 7,000 feet. It is therefore named the "Habana formation."
In the western half of the area under discussion the lower measures of the Habana formation are a thick series of light gray and brown, limy shales and marls. Wells within this terrane indicate that the unweathered shales are blue in color and contain much pyrite and organic material. Thus far they are known to contain but few fossils. These shales lie directly under a thick series of interbedded sandstones and shales that in private reports have been termed "El Cano shales" from their occurrence near the town of that name. In the El Cano member thus far few fossils have been found.
From about the middle of the area and extending eastward to Matanzas the lower shales and the overlying hard sandstone change lithologically, assuming a more marine aspect, and break up into four fairly well recognized members. The lowest of these is a loosely consolidated gravel which is followed successively by a calcareous sandstone, a chalk, and is capped by a deposit that alternates between a limestone and a calcareous shale. In many outcrops the four members occur in the order given, although along the strike the first three members intergrade in some places, the gravels becoming finer grained and passing into a sandstone and locally into marl or chalk. These sediments appear to have been deposited along an old shoreline where slightly varied sediments were the response to slightly different conditions of sedimentation, chalk being laid down in estuaries and the gravels in more turbulent waters, and the whole on either a slowly subsiding sea bottom or in front of a source of material whose lowering eventually failed to supply sufficient head to the drainage to carry more than fine debris.
The Cretaceous as a whole is a relatively soft formation that offers little resistance to erosion and consequently it forms valleys flanked by low cliffs of younger and more resistant rocks.
LIME GRAVEL MEMBER (LOWEST)
The pebbles of this member are mostly of limestone though a few well-rounded boulders of andesite, rhyolite, and basalt are present. For convenience it may be called the "Lime gravels." It is well sorted and fairly clean. Many of the limestone pebbles contain Foraminifera of the miliolid and alveolinellid groups. The latter is of interest as it indicates the presence of this group (rare in the Cretaceous) in a still older formation. Rudistids of the Radiolitidae are common and a few belonging to the Caprinidae have been found. One species of echinoderm, Lanieria lanieri, is known to occur. This species is perhaps the most widely distributed characteristic Upper Cretaceous fossil in Cuba. It is rare in the Lime gravels, but is abundant in the topmost beds of the Cretaceous though it is not known to occur in the two intervening members. Omphalocyclus, Gallowayina, and other characteristic Upper Cretaceous Foraminifera occur in the Lime gravels.
CONE SANDSTONE MEMBER
Above the Lime gravels is a hard member composed of wellsorted, well-bedded, calcareous sandstone. It contains numerous grayish-green grains, probably of glauconitic origin, that impart a grayish color to the mass, but a salt and pepper aspect when examined in detail. This sandstone has a tendency to the development of cone-shaped concretions which almost without exception have the apex pointing downward. These concretions vary in diameter from i to 3 or 4 inches. Though the tendency toward the formation of concretions is not conspicuous in the area under description, it is very characteristic elsewhere and has suggested the name "Cone sandstone" member. This is a hard, resistant member of the Upper Cretaceous and consequently outcrops in hills in contrast to the valleys and low terrane of the shale and chalk members. All the quarries within the Cretaceous terrane in the vicinity of Habana are located in this member as the rock is in demand for road construction. With the exception of very occasional Upper Cretaceous Foraminifera, no fossils are known in the Cone sandstone.
CHALK MEMBER
A chalk varying from a few feet to 100 feet or more in thickness often lies above the Cone sandstone. This member reaches a considerable development in Luyano and eastward, on the south side of Habana Bay. In places the chalk is hard, porcellaneous, and forms hills; in others, it is soft, easily eroded, and its occurrence is marked by small valleys. Locally the soft phase carries abundant Foraminifera. Lithologically and faunally this member is indistinguishable from the lenses of chalk or marl that often occur interbedded with the Cone sandstone. The chalk varies in color from pure white to pale gray, the latter color being due to impurities, one of which is apparently glauconite.
BIG BOULDER BED MEMBER
Lying above the chalk is a well-recognized horizon of wide extent. Along the strike this varies from a brown shale to a series of hard limestone beds alternating with shale. The shale phase is soft, friable, very earthy, and is composed largely of d6bris from basic igneous rock. In color it is usually some shade of brown. The descriptive name "Dirty shales" has been applied to these shales as a convenient field name. DeGolyer's "Lucero Beds"'" are a local occurrence of these shales. Where the limestone is present, weathering reduces the hard ledges to large boulders which are conspicuous features of the cultivated fields where this member is present. This characteristic suggested the name "Big boulder bed" as a convenient field term, though the big boulder phase does not occur in the area under description. In the eastern part of the area, however, the fauna characteristic of this member is present in the shale phase. Farther to the west it appears to grade into the almost unfossiliferous shales and sandstone which have been locally termed "El Cano."
The Big boulder bed carries an extensive fauna, with an abundance of Foraminifera, corals, and echinoderms. The Mollusca in io Ibid., p. 142. general were not greatly deployed though rudistids are abundant and occasional Trigonia, Inoceramus, Pholadomya, and Pecten (Vola) occur. European paleontologists have stated that this fauna is Maestrichtian in age. The Big boulder bed-Dirty shales is the highest definitely known Cretaceous horizon in Cuba.
South of Habana on the General Machado highway, between Capdevila and Vento, there occurs a series of brown shales and sandstones that differ from the Dirty shales principally in the higher percentage of sandy material (Fig. 2) . The presence of ripple marks indicates shore conditions during its deposition. This shale carries a meager fauna which is considered Lower Eocene by some paleontologists. Stratigraphically it appears to be a continuation of the Dirty shale deposition and hence Cretaceous in age. It is everywhere conformable with the steeply dipping known Cretaceous and unconformably subjacent to the low dipping Upper Eocene. Hence its tectonic history alines it with the Cretaceous rather than with the Eocene. Two phases of the Eocene are present in Habana. The lower is a soft, brown, muddy shale which appears in but few localities where it has been exposed below the chalk by quarry workings, as for example in Tejar Consuelo. The upper phase is a soft, white shale. A fine exposure is afforded by the new cut for the General Machado highway in the south end of Avenida de los Presidentes. A few thin beds of pale-brownish, cherty material are interbedded with the chalk. These appear to be lamellae that have been consolidated by siliceous cement derived from radiolarian sources.
The Principe formation carries a large fauna of characteristic Upper Eocene Foraminifera and occasional echinoderms, corals, brachiopods, crinoid stems, and shark teeth. Locally radiolaria occur in such abundance that they form the greater part of the fossil content. Rutten" refers to this formation as the "younger Habanaformation" and places it in the "miopliocene" very probably from its stratigraphic position. 
OLIGOCENE-MIOCENE GUINES LIMESTONE
The Giiines limestone has the widest areal distribution of all the formations in Cuba, having been deposited over the entire island, at 12 Op. cit., p. 142.
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least from Camaguey Province westward, except for a few scattered islands that protruded above the water. It lies unconformably on the older formations except in the case of the Cojimar formation with which the lower part is interbedded. Being well exposed north of Giiines, Humboldt named it the Giiines limestone (Calizo de Giiines).13 DeGolyer observed what may be the same formation in the gorge of Yumuri River and gave it the name Yumuri limestone.14 In Habana this formation has a maximum thickness of 150 feet.
At the surface the Giiines limestone is generally a hard, white or tan limestone. Where exposed at depth in quarries it is often a soft, friable, pure-white coral sandstone with large corals and coral fragments. The hard indurated surface is evidently due to the solution and redeposition of calcite either between the grains or as caliche. The formation is composed almost entirely of shell fragments, though complete fossils are rare. Molds and casts, however, are abundant. It is usually coarsely porous and from the dissolution of the included fossils weathers to a jagged surface, the projections of which are known as "dog teeth" (dientes de perro). A high iron content causes it to weather to a rich red, lateritic soil which is considered the finest cane land in Cuba. Curious products of weathering are the small, round, shot-like bodies known throughout Cuba as "perdigones." These vary from microscopic size to half an inch in diameter. So abundant are they that in places they fairly cover the ground. erable amount of fossil material is now at hand which may serve to delimit this formation more definitely.
The greater part of the Gtiines limestone lies flat with little more than the initial dip seaward. In the Vedado, a suburb on the west side of Habana, at the western end of the Habana-Matanzas anticline it has been elevated 200 feet. Here the upturned edges have been beveled (Fig. 4) .
MIOCENE AND YOUNGER
Bordering the Giiines limestone on the seaward side there appears another limestone that dips coastward at an angle of 300. This can i8 0p. cit., p. 24. be observed only locally where exposed in cuts. Like the Giiines it is composed of shell and coral fragments, but is not leached to the extent of the latter formation. The National Hotel is located on this limestone. The corals belong to recent genera, though they are probably specifically different.
"Los Equinodermos
The 300 dip of this and of the Gliines limestone contrasts with the 5° dip of the Principe formation as exposed at a distance of less than a kilometer, an anomaly which has been observed elsewhere. It is suggested that the highly dipping strata of the younger formation are foreset beds and do not represent true dip.
Bordering the coast and forming a low terrace from 50 to 200 meters inland is the "arrecife" (reef rock) described by Salterain, 2o who observed that these rocks contain an abundance of corals which are often well preserved. Mollusks, however, are rare in the area under description. This formation slopes upward from a few feet below sea level to an elevation of about o10 feet, forming a surface of low, jagged rocks. It is the youngest formation in the area, is probably not recent, and may be Pliocene or Pleistocene. About all that can be stated in a constructive way is that the corals all belong to living genera, though some of the species appear to be somewhat different, and that since the deposition of this reef rock shore conditions have undergone a considerable change. This is evidenced by the paucity of coral life in the adjacent waters compared with the abundance in the rocks, and also by the more vigorous growth of the individual corals during the accumulation of the reef rocks.
Nowhere between the Giiines limestone and the younger formation, nor within the latter have any contacts been noted, nor do any observations indicate that there is any noticeable lapse of time unrecorded by deposition.
IGNEOUS ROCKS
There are but few igneous rocks in the area. East of the harbor there is a series of serpentine intrusions and a small intrusion of serpentine and diorite occurs near the south end of the harbor. As Humboldt noted, dry and liquid asphalt seeps are commonly found along the borders of these intrusions.21 The Bacuranao oil field in eastern Habana Province, which has produced more than i20,000 barrels of crude petroleum, is located on the border of one of the intrusions.
STRUCTURE
Habana is located on the west end of an extensive anticlinal structure that extends from Habana to Matanzas, a distance of 90 kilometers, and has a width varying from o10 to 12 kilometers. From its magnitude and various subsidiary folds and faults it may properly be termed an anticlinorium. The axis of the general structure is marked by the Guanabacoa intrusion indicated on the accompanying map.
The geographical location of this structure has suggested the name "Habana-Matanzas" anticline.
An No traces of overthrusting, slickensides, or dynamic metamorphism have been observed. The complications already noted appear to be due less to strong lateral compression than to local adjustments of extremely pliable beds. This is particularly evidenced where the pliable shales are in contact with more competent beds. Here the shales are highly folded and crumpled, whereas the harder, more inflexible Cone sandstone shows but a small amount of fracturing and relatively little tilting. The features are very similar to the incidental crumpling accompanying fan folds, and may be in part the result of settling following the elevation of the anticlinal area. The very local nature of these folds in the shales is shown by their occurrence in the wall of one side of a road cut and their absence in the opposite wall.
There is no evidence anywhere in the area that the Habana formation has ever been deeply buried beneath heavy overburden. This is quite in harmony with the known Tertiary stratigraphy.
Though there is but little faulting within the Tertiary, a fault with a throw of about 200 feet is marked by the channel of Habana Harbor. The east side was uplifted, making the steep cliff on which Morro Castle is located (Fig. 5) . This uplift is a part of the general arching of the Habana-Matanzas anticline. West of the channel for a distance of about 4 kilometers the elevation was much less until the hill on which the university is located is reached. Here the general elevation continues southward forming the escarpment already described.
Another small dislocation with a throw of less than 1oo feet is marked by Rio Almendares, a kilometer or so from its mouth, where it cuts through the Tertiary escarpment and ridge. Several small east-west faults parallel the Timon anticline both on the north and the south, giving duplicate exposures of the various members of the Cretaceous.
GEOLOGICAL HISTORY22 UPPER CRETACEOUS
The earliest event recorded in or around Habana is the deposition of 7,000 feet or more of the Upper Cretaceous chalk, shales, sandstones, and gravels. The relative abundance of fine-grained sediments along the north coast compared to the dominance of coarser sediments farther to the south indicates that the land mass furnishing the materials lay to the south. The occasional occurrence of Alveolinella within boulders of the Lime gravels points to an exposure of older consolidated Cretaceous deposit. This wide apron of sediments was evidently deposited upon an oscillating though generally subsiding sea bottom, judging from the succession of alternating coarse and fine deposits within it and its great thickness. 22 In a limited area such as described sufficient data are seldom available for a detailed history. No attempt will be made, therefore, to give more than the general outline of the main sequence of events and to this end adjoining territory will be called upon when necessary. In a subsequent paper dealing with the general geological features of the Island, it is planned to present a more complete exposition of its history.
The youngest of the Upper Cretaceous series, the Big boulder beds, with its abundant large boulder content, indicates proximity to a land mass of considerable elevation. The gradation to barren and local shales, sandstones, and conglomerates in the western part of the area has already been mentioned. The only explanation for this change that is offered is that extensive deltaic conditions may have prevailed in the western part and that these conditions were unfavorable to marine life. Drainage courses, however, on a scale to produce delta deposits of the magnitude of El Cano formation, are difficult to picture on a terrane corresponding in dimensions to the present outline of Cuba.
UPPER EOCENE
The absence of the uppermost Cretaceous and the Lower and Middle Eocene within the confines or immediately adjoining the area suggests that during this time the terrane was above sea level. Assuredly this was the case during the latter part of the period while all traces of possible Eocene depression were being removed.
Although the sedimentary record is entirely missing, the gently dipping Upper Eocene and younger beds lying directly upon the fanfolded Cretaceous evidences a long and varied tectonic history. The Habana-Matanzas anticline was very evidently the site of folding followed by a period of repose during which erosion reduced the land surface practically to baselevel. The debris was carried beyond the present outline of Cuba and there deposited in unknown basins, for no subsequent deposits are known to contain elements from the degradation of the Cretaceous terrane with the exception of one local gravel of late Tertiary age. The question was raised earlier as to the possible Eocene age of the shale beds at Capdevila. These beds, it will be recalled, are conformable to the steeply dipping Cretaceous (Fig. 2) . In case they later prove to be Lower Eocene, the period of most intense folding (Fig. 6) . The drowned condition of the lower Rio Almendares, Rio Cojimar in the gorge, Habana Harbor, and other streams to the east, is indicative that Habana and the north coast is at the present time sinking. It is evident that these valleys were excavated while the general terrane was at correspondingly higher levels. Hill24 explains the harbors and their channels as being due to the rivers maintaining fresh-water channels through the salt water for some distance off shore in which the corals could not live. They could form reefs, however, on either side of the channel, and subsequent elevation would result in a channel through the reef. The explanation of the harbors by this process is not clear.
What seems to be the correct explanation of the formation of Habana Harbor, however, has been given by Vaughan. He postulates a drowned area connected with the sea by a channel through a ridge of hard, reef limestone, the harbor proper being excavated in the soft Cretaceous rocks at the union of water courses near their outlet. To this may be added that the channel follows a northwestsoutheast course through the reef rock along a line weakened by a fault. The upthrow side on the east forms the cliff on which Morro Castle and La Cabafia are located (Fig. 5) 
